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'DECam CCDs
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|' Soldering iron IR

imaging with
DECam CCD. 20
seconds exposure
with a narrow
(10nm) filter
centered at
810nm.
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CCD technical requirements and testing

Pixel array

Pixel size

# Outputs
QE(g,.r,1,z)

QE Instability

QE Uniformity in
focal plane

Full well capacity
Dark current
Persistence
Read noise

Charge Transfer
Inefficiency

Charge diffusion

Cosmetic
Requirements

Linearity

Package Flatness

LBNL CCD
Performance

2048 x 4096 pixels

ISumx ISum

2
“

70%, 90%, 90%,

75%

Stable
uniform

170,000 ¢

2 ¢/hr/pixel at 120°K

Erase mechanism

7e @ 250 kpixel's

Better than 1%

DECam Requirements

2048 x 4096 pixels

ISumx ISum

2
“

60%, 75%, 60%, 65%

<0.3% 1n 12-18 hrs
<5% In 12-18 hrs

=>130.000 ¢
<~25 e/hr/pixel
Erase mechanism

< 15 ¢ @ 250kpix/s
<10°*

IDo<7.5um

<7 Bad pixels>
<0.5%

Similar to E2V grade 0

1%

Technical
Specification

TD.7

TD.8, TD.9
TD.10, TD.11

TD.2
TD.5
TD.3
TD.4, TD.12
TD.6

TD.13
TD.16

TD.1

TD.14,TD.15

St'age' |- Tésted the first day .
and aoutomated:report
produced overfiight: -

Stage 2:Tested the first
week for detectops that
pass stage-}. /. -

see. poster. far automated
testing description/by
Donna Kubik: .
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- TEWPERATURE - MAG MIN:-1.00E+02 MAX: -0.69E+01 VALUE OPTION:ACTUAL

Science module

CCDI Card / Cable Assembl

Airborn Connector

11:‘: Loading Rod Holg
Mounting Pin 1 '

With Threaded
Hole 1n its End

Invar Foot

\AIN

Readout
Board

C:\PPD_IDM_PPDI5990\GED_V21_FEA_SEPO7.mf1
RESULTS: 1- B.C. 1,TEMPERATURE_1,LOAD SET 1

-9.690401 5 'y
-9.720401
-9.750+01
-9.780+01]
-9.810:01
-9.850+01
-9.880+01
-9.910+01)
-9.94D+01

-1.000+02l




FuII size prototype in operatlon

p|nhole imaging W|th prototype

with partlally fitled focal plane

mosalc

flatness measurements done, flat to
10 um Temperature dlfference
between detectors i C
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|- Readout electronics™

| developed for. the large
mosaic currently under _
test. See posters-by
Julia €Eampa and /
Laia Cardiel. °
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f ormance for these detecto




Diffusion by dlffractlon

Thicker detectors have more

opportunity for lateral’charge %IIE_NL82006)

diffusion.

n

(10 k€2-cm) 40V applied to the substrate
photo (Vsub) to control diffusion.

sensitive
volume

© 200 -
300 um Diffusion could reduce your
signal to noise, is bad!

pb-22-04

LBNL(2006) scaled to 250 um

Imaging of a diffraction pattern

high Vsub

i | 'I i im ﬁ
’ Diffusion is
measured, from the
— : y analysis of these
low Vsub 'mages

50 60
k (2n/200pix)




Diffusion with X-rays

size (pix) =¥

Diffusion on DECam CCD pb—22-27 vs Vsub.
' ' | ' ' ' | ' ' ! I ! ' ' ' ' ! I ' '

|

low Vsub

energy (keV) =

[

Diffusion(microns)

size (pix) =2
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- Fringing

Silicon detector become mostly transparent in' the IR. |

This thicker detectors have less of.a problem here, but if you
have a narrew enough line you can still see-the effegct.

curves normalized to collimator pt. ot {/8.5

Si (n=3.65, d=248-252 microns)
glue (n=1.5, d=120-130 microns)
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Measurements done in our lab indicate a
0.5% QE variationidue to fringes in'a f/3"
system like DECam:.(Ar lamp, 980nm line)

Big improvément over thinned detectors

f=number



DECam CCDs as particle detectors

5t9 keV Xaray fromfFeb5 give 1620e-

FIG. 4: Spectrum obtained for the reconstructed X-ray hits
in an *°Fe exposure of a DECam CCD. The arrows mark the
direct X-rays from the source Ka=5.9 keV and Ka=6.5 keV,
the Ka and K3 escape lines at 4.2 and 4.8 keV, and the Si
X-ray at 1.7 keV. The factor 3.64 eV /e is used to convert from
charge to ionization energy.

Ehergydesolution
0.15keV = 4| e-=sqnt (1620e-)

8

Energy (keV)



more X-rays

With the Fe55 X-rays
hit-a teflon or Al'and
produce lower enérgy
X-rays for study of the
diffusion in the first
few microns on the
back side (important
for UV image quality)

expected lines:

C. =0.28 keV (not,seen)
F =0.68 keV
Al =1.49 keV




X-ray >°Fe’ (5.9 kev)

point-like hits
(diffusion limited)

Gammas YCo(1.33 & 1.77 MeV)

Compton
electrons
(worms) and
point like hits.




Readout Noise

CCDs are readout serially. For DECam we
have |7 seconds to'do this (250 kpix/sec)
and we get ~8e of noise.
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~ But you-could go really slow and reduce
the noise further.







Dark Matter search
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Dark matter searches usually look for-nuclear
B Baltz Gondolo 2004 recoils ind low background detector. Typically
Ruiz et al. 2007 95% CL : :
1 Ruiz et al. 2007 68% CL the threshold for such recoils are a few keV.
' ='=' COMSI IT42T Ge Reanalysis For this reason the searches are not as

] XENON10 2007 . _
s CDMS II 2008 Ge sensitive for low mass dark matter'candidates.

\| we— CDMS II Ge combined

[em’]

101

One of the limitations for low _threshold
searches is the electronic readout noise. A few
experimental programs are trying to reduce the
noise in their detectors to.,be able to set lower
thresholds.
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Due to low, readout noise and'relatively “large
mass” (1 gram per detector). We are
considering DECam CCDs for this:
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WIMP mass [GeV/c?]




Nuclear recoil spectrum

Texono 1200'_5 Example of the nuclear recoil

-39 5 hal spectrum for a 5:GeV WIMP, using
(5 GeV, 2x<10™" cm") =4 standard halo model.

(5 GeV, 107 cm?)

Three things to note:
* need low, threshold

e for a.very low threshold you do
not need such a large mass.

* Need background below 100 ev/
(kg keV day) @ 0.5 ke to be
sensitive tothis signal:

0.8

Measured Energy (keV)

* \We' could.set a threshold at 36 eV
in this_scale, if we are limited by
electronic noise only ( 5 sigma ).



“Calibration’” with. Neutrons

Neutrens 22Cf
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Nuclear recoils have different charge yield than photons.
New calibration required.

S We measured nuclear recoils'from a.neutron source and
fitted,an ionization yield'of ~13.9 eV/e- . This is not a'real
— calibration because-we can not fit the energy

Wen  [WVIIMGE 104 28 371 dependence of this'yield, but the résult is consistent with

80 V6893 + 1047
previous work.

TABLE III: Parameters for the polynomial fit to

recoll spectrum in Fig., 8. The results assuming a Sem thice

wall are also presented.




The readout noise is Ok;what,about the radioactive background?
Detector at the surface in a FNAL building and with 6" 1ead
shield.

Need to reduce the rate by a factor of 5000
all hits before we become competitive.

"Hdiffusion limited Later we discovered, with a Germanium
detector, that the lead-in the shield had been
activated with high energy protons. Not a
good shield.
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New shield«+ going underground should.do
the trick, if we_did not put anything to-hot in
the cryostat.




background spectrum

x10?

T000

Event/Kg/day/keV
Event/Kg/day/keV

7 Fe>> : 5.9 keV

4.8 keV
escape

?

[ ]
1000

2000

1000

a few linesto inyestigate. These. lines are not a problem for low background
éxperiments, you just what to know-what they are and the avoid usingthat region
of the, spectrum.



Dark Matter Experiment with CCDs

- v . s = s

we haye the dewar, the detectors, the
electronics and we are building the new

each CCD lg (2.4 g also available)-
|0 gram detector achievable soon and a 300 g-day exposure possible.
Plan: try 8” lead shield in Minos hall (350 foot deep) with a |0 gram array this year.



Prospects

Texono 2008

Expected reach if we reduce the
background by 3 ordefs“of
magnitude and accumulate 300
g-day of exposure!(Threshold 36
eVee)

Disclaimetr:

Not shown in this plot results
from PPC Germanium detector
(arxiv:0807.0879). Fhey are
expecting to get to thresholds-of
100 eV-soon.



“massive” CCDs for developed by LBNL will be used at
DECam with improved QE in the near infrared. These
detectors satisfy all the requirements for the Dark Energy
Survey. Here an example image frfm a prototype camera with
one of these detectors.

The detectors also present the .Op.portunity for a new low
threshold dark matter search. First underground test of the
technology at FNAL during 2008.







<’/ Cluster Counts (goal #1)

DARK ENERGY.
SURVEY

The distribution of the number of
clusters as a function of redshift is
sensitive to Q, and w.

Number of Clusters vs. Redshift

dN(M) ~ av
dzdQQ  dzdQ

/

Volume: distance meas.
Expansion history of

Universe. Geometry
Abundance evolution: growth of structure and M>2x1014 M
initial mass power spectrum. ©

(2n,(M,z) 1000
T

!

Mass selection also has cosmology, for example
luminosity distance.




@ Forecast

DARK ENERGY.
SURVEY

_ w(z) =wytw (1-a) 68% CL
Assumptions:

Clusters: ] R
5,=0.75, ... =1.5, _ BAO

Clust
WL mass calibration WL],JS Crs

SN
BAO: [ ..=300 : Combined

WL: (,.=1000

(no bispectrum) DETF Figure of
. Merit: inverse

Statistical+photo-z area of ellipse
systematic errors only

Spatial curvature, galaxy bias geometric+

. : . growth
marginalized, Planck CMB prior

In terms of the DETF:

Factor 4.6 improvement over Stage -2 >tage ll not
T iIncluded here

geometric —
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